Background Cardiac resynchronisation therapy (CRT) is beneficial in selected patients with heart failure (HF) in normal sinus rhythm (NSR). We sought to evaluate the impact of CRT with or without atrioventricular junction (AVJ) ablation in patients with HF with concomitant atrial fibrillation (AF) Methods and results Literature was searched (inception through 30 August 2017) for observational studies that reported outcomes in patients with HF with CRT and AF that reported all-cause and cardiovascular mortality. Thirty-one studies with 83, 571 patients were included. CRT did not decrease mortality compared with internal cardioverter defibrillator or medical therapy alone in patients with HF and AF with indications for CRT (OR: 0.851, 95% CI 0.616 to 1.176, p=0.328, I 2 =86.954). CRT-AF patients had significantly higher all-cause and cardiovascular mortality than CRT-NSR patients ([OR: 1.472, 95% CI 1.301 to 1.664, p=0.000] and [OR: 1.857, 95% CI 1.350 to 2.554, p=0.000] respectively). Change in left ventricular ejection fraction was not different between CRT patients with and without AF (p=0.705). AVJ ablation, however, improved all-cause mortality in CRT-AF patients when compared with CRT-AF patients without AVJ ablation (OR: 0.485, 95% CI 0.247 to 0.952, p=0.035). With AVJ ablation, there was no difference in all-cause mortality in CRT-AF patients compared with CRT-NSR patients (OR: 1.245, 95% CI 0.914 to 1.696, p=0.165). Conclusion The results of our meta-analysis suggest that AF was associated with decreased CRT benefits in patients with HF. CRT, however, benefits patients with AF with AVJ ablation.
AbstrAct
Background Cardiac resynchronisation therapy (CRT) is beneficial in selected patients with heart failure (HF) in normal sinus rhythm (NSR). We sought to evaluate the impact of CRT with or without atrioventricular junction (AVJ) ablation in patients with HF with concomitant atrial fibrillation (AF) Methods and results Literature was searched (inception through 30 August 2017) for observational studies that reported outcomes in patients with HF with CRT and AF that reported all-cause and cardiovascular mortality. Thirty-one studies with 83, 571 patients were included. CRT did not decrease mortality compared with internal cardioverter defibrillator or medical therapy alone in patients with HF and AF with indications for CRT (OR: 0.851, 95% CI 0.616 to 1.176, p=0.328, I 2 =86.954). CRT-AF patients had significantly higher all-cause and cardiovascular mortality than CRT-NSR patients ([OR: 1.472, 95% CI 1.301 to 1.664, p=0 .000] and [OR: 1.857, 95% CI 1.350 to 2.554, p=0.000] respectively). Change in left ventricular ejection fraction was not different between CRT patients with and without AF (p=0.705). AVJ ablation, however, improved all-cause mortality in CRT-AF patients when compared with CRT-AF patients without AVJ ablation (OR: 0.485, 95% CI 0.247 to 0.952, p=0.035). With AVJ ablation, there was no difference in all-cause mortality in CRT-AF patients compared with CRT-NSR patients (OR: 1.245, 95% CI 0.914 to 1.696, p=0.165). Conclusion The results of our meta-analysis suggest that AF was associated with decreased CRT benefits in patients with HF. CRT, however, benefits patients with AF with AVJ ablation.
IntroduCtIon
Atrial fibrillation (AF) and heart failure (HF) frequently coexist, and one condition often predisposes to the development of the other. These conditions are often synergistic and are associated with higher morbidity and mortality when they occur in the same patient. In addition, when AF and HF co-occur, the management of one can make the management of the other challenging. Despite advancement in pharmacologic treatment for AF, it is associated with worse outcomes in patients with HF compared with those in normal sinus rhythm (NSR). 1 Cardiac resynchronisation therapy (CRT) (a class IIa indication for AF) has shown to improve morbidity and mortality in patients with HF who are in NSR by improving ventricular synchrony via biventricular (Bi-V) pacing. Whether CRT similarly improves outcome in patients with HF in AF is a matter of ongoing debate. Appropriate CRT pacing is difficult to ensure in the setting of AF, as loss of atrioventricular (AV) synchrony and uncontrolled ventricular rate could cause suboptimal delivery of CRT pacing. 2 3 Nevertheless, some
Key messages
What is already known about this subject?
► Currently patients with heart failure and wide QRS complex undergo cardiac resynchronisation therapy (CRT) regardless of their native rhythm.
What does this study add?
► Patients in atrial fibrillation may not benefit from a higher risk CRT implantation procedure compared with internal cardiac defibrillators, without atrioventricular junction ablation making the risk-benefit ratio suboptimal.
How might this impact on clinical practice?
► The results of this meta-analysis change the way we approach patients with heart failure with atrial fibrillation who fit criteria for a CRT device and at the least raises the urgent need for large randomised controlled trials.
studies have reported improved clinical and functional outcomes in patients with AF with CRT, 4-11 while others have suggested that CRT is only beneficial in patients with AF after atrioventricular junction (AVJ) ablation, [12] [13] [14] [15] [16] an intervention which makes Bi-V pacing failure unlikely. The increasing incidence of AF in patients with HF and accumulating evidence from small and medium-sized underpowered observational studies regarding the use of CRT in patients with AF make this an appropriate time to revisit its use in this patient population.
The aims of our meta-analysis are (1) to study the impact of CRT on long-term survival and clinical outcomes in patients with HF and AF and (2) to investigate whether AVJ ablation adds any benefit to CRT in AF patient subgroup.
MetHods
Our systematic review and meta-analysis is in accordance with recommendations of the Meta-analysis of Observational Studies in Epidemiology group. 17 The research questions, inclusion and exclusion criteria, study quality assessment tools and prespecified subgroups were established with a written protocol prior to the review and is available at http://www. lsuhscardio. com/ protocols/
Inclusion criteria
Observational studies reporting outcomes in CRT patients with persistent or paroxysmal AF or atrial arrhythmias were included. AF or atrial arrhythmias in these studies could be defined by the history and/or by prospective diagnostic data from the CRT devices if they were uniformly applied throughout the study groups. Studies were included if they reported incidence of all-cause mortality, cardiac mortality, change in left ventricular ejection fraction (LVEF), follow-up New York Heart Association (NYHA) status or change in 6 min walk distance (6MWD). Studies with a mean follow-up duration of at least 12 months to assess mortality or at least 6 months to assess functional improvement were included. data extraction and assessment of study quality For each study, all data elements uniformly reported across most studies were extracted by two reviewers (JA and UM) and were cross-verified by a third reviewer (DD). The study characteristics are shown in table 1 and online supplementary tables 1-3. The quality of each study and risk of bias were evaluated with the Newcastle-Ottawa Quality Assessment Scale for non-randomised studies. 18 The following characteristics were assessed for sources of bias: (1) patient selection including definitions of exposure and representation of the larger population; (2) comparability of study groups and controlling for confounding factors by design or analysis; and (3) assessment and documentation of outcome including duration and loss of follow-up. Studies were graded as 'poor' if they met four or less of the nine criteria, 'fair' if they met five to six criteria and 'good' if they met more than six criteria. The quality assessment of individual studies is reported alongside baseline variables in tables 1 and online supplementary tables 1 and 3. All disagreements between reviewers were resolved by consensus.
statistical method
For mortality, data were extracted as either OR or event rate. If HR was available, it was considered as the best estimate of OR. If both univariate and multivariate analyses were available, data from multivariate analyses were taken. In studies reporting outcomes separately for patients with history of AF and patients who developed AF during follow-up, these two were combined without overlap. 19 Pooled ORs and 95% CIs were calculated using the more conservative DerSimonian and Laird random effects model. 20 Network analysis for mortality in patients with AF was performed using a Bayesian Markov chain MonteCarlo model. 21 OR and 95% credible intervals (CrI) were calculated using random effects model with informative priors. 22 23 The Bayesian analysis was performed using WinBUGS V.1.4 (MRC Biostatistics Unit, Cambridge, UK) and the Microsoft Excel-based tool (NetMetaXL). 24 For LVEF and 6MWD, the final and baseline values were extracted, the difference between the two calculated and weighted mean difference (WMD) between the groups was analysed. As a majority of the studies did not report baseline NYHA class, the final NYHA class at follow-up was extracted and WMD analysed. All tests were two sided, and a p value <0.05 was deemed significant. Sampling error within studies was assessed by examining the distribution of baseline variables between study groups. Heterogeneity was assessed by the I 2 statistic, which describes the percentage of total variation across studies that is due to heterogeneity rather than chance. I 2 >50% was considered significant heterogeneity. 25 26 Potential publication bias was assessed by visual inspection of funnel plots, in which SEs were plotted against log ORs, as well as Egger's regression intercept. All statistical analyses were performed using Comprehensive Meta-Analysis V.3 (Biostat, Englewood, NJ).
results
This meta-analysis included 31 studies 4-16 19 27-43 with 83 571 patients. All studies were available as full text. Six studies were excluded: one due to lack of a control group 44 ; second compared outcomes based on ventricular rates in CRT-AF patients 3 ; third did not provide outcomes specifically for the CRT and ICD subsets of the study population with and without AF 45 ; the fourth compared patients with ischaemic and non-ischaemic cardiomyopathy with AVJ ablation and CRT placement 46 ; and the last two tested only short-term LV functional parameters. 47 48 There were 30 263 patients with AF, of which 25 791 had CRT. Among patients with AF with CRT, 980 had undergone AVJ ablation (11%-100% per study). There were 53 308 patients with CRT-NSR in this study. Furthermore, two studies 32 37 used the results from the Resynchronization for Ambulatory Heart Failure Trial (RAFT) 49 ; however, Wilton et al 32 prospectively assessed RAFT patients without AF who developed AF after randomisation, and Healey et al 37 analysed outcome only in those RAFT patients who had pre-existing permanent AF. As they were assessing different populations, both studies were included in the analysis. 
Mortality
Nineteen studies 4-9 12 13 19 27-36 with 68 782 patients were included in the meta-analysis of all-cause mortality, and 10 studies 4-8 12 13 15 32 33 with 10 628 patients were included in the meta-analysis of cardiovascular mortality. Follow-up period for the studies ranged from 1 to 7 years. All-cause and cardiovascular mortality was reported at year 1 or later in the studies, and for the purpose of this meta-analysis we extracted the longest reported mortality. All-cause mortality was significantly higher in CRT patients with AF when compared with CRT patients with NSR (figure 1B, OR: 1.472, 95% CI 1.301 to 1.664, p=0.000, I 2 =29.956). Funnel plot of these 17 studies showed no significant publication bias (online supplementary figure 3 ). Cardiovascular mortality was also significantly higher in CRT-AF patients compared with CRT-NSR patients (figure 2; OR: 1.857, 95% CI 1.350 to 2.554, p=0.000, I 2 =61.795).
Furthermore, we attempted through several sensitivity analyses to explore whether the type of AF or the timing of AF influenced the mortality outcome. As very few studies included patients with paroxysmal AF, we could not assess its effect on patients with CRT. When patients with paroxysmal AF were excluded from analysis, all-cause mortality remained significantly higher in CRT patients with permanent AF compared with NSR (OR: 1.581, 95% CI 1.184 to 2.110, p=0.002, data not shown). Mortality among CRT patients with AF compared with CRT patients with NSR was unaffected by excluding patients with device-detected AF from analysis (OR: 1.506, 95% CI 1.316 to 1.723, p=0.000, data not shown). Mortality analysis of four studies with device-detected AF alone showed a similar trend in increase in mortality in CRT-AF patients compared with CRT-NSR patients but was not statistically significant (OR: 1.276, 95% CI 0.892
Heart failure and cardiomyopathies with 68 242 patients). This analysis showed significantly higher all-cause mortality in CRT-AF patients compared with CRT-NSR patients (online supplementary figure 7, OR: 1.542, 95% CI 1.341 to 1.774, p=0.000, I 2 =39.187). Then, mortality difference among CRT-AF patients with and without AVJ ablation was compared (five randomised and non-randomised studies 12-14 29 42 with 1969 patients; see online supplementary table 3 for study characteristics). All-cause mortality in CRT-AF patients with AVJ ablation was significantly lower than CRT-AF patients without AVJ ablation (figure 3, OR: 0.485, 95% CI 0.247 to 0.952, p=0.035, I 2 =54.294). Publication bias analysis of studies with CRT-AF patients with and without AVJ ablation was not performed due to the small number of studies. Cardiovascular mortality was not different among CRT-AF patients with and without AVJ ablation as shown by analysis of three studies (no figure included, OR: 0.764, 95% CI 0.580 to 1.005, p=0.054). In addition, a subgroup analysis comparing CRT-NSR patients to CRT-AF patients was performed based on whether CRT-AF patients underwent AVJ ablation. The subgroup analysis of CRT patients with and without AF based on AVJ ablation showed that CRT-AF patients without AVJ ablation (figure 4, OR: 1.492, 95% CI 1.250 to 1.654, p=0.000) but not CRT-AF patients with AVJ ablation (figure 4, OR: 1.243, 95% CI 0.911 to 1.696, p=0.169) had significantly higher all-cause mortality compared with CRT-NSR patients (p value between groups was 0.3). We then performed a network analysis for all-cause mortality between patients with AF who received CRT with AVJ ablation and patients with AF who meet CRT criteria but are on goal directed medical therapy with or without ICD. This analysis showed a non-significant trend of survival benefit from AVJ ablation in CRT patients with AF as compared with medical therapy alone (online supplementary figure 11 , OR: 0.63, 95% CrI 0.35 to 1.05). Finally, ejection fraction (EF) improvement in CRT-AF patients was compared with CRT-NSR patients grouped by their AVJ ablation status. CRT-AF patients who underwent AVJ ablation had a trend towards larger EF improvement (online supplementary figure 8 , SDM: 4.597, 95% CI −0.643 to 9.836, p=0.086) compared with the CRT-NSR patients and CRT-AF patients who did not undergo AVJ ablation (online supplementary figure 8, SDM: −1.148, 95% CI −5.993 to 3.696, p=0.642, p value between the groups was 0.11). Together, these results suggest that AVJ ablation does improve mortality in patients with AF getting a CRT device. dIsCussIon This meta-analysis studies the impact of CRT in patients with AF and HF. The main findings of our analysis are: (1) patients with HF with indications for CRT do not have mortality benefit from CRT compared with ICD or medical therapy alone when they have coexistent AF; (2) CRT patients with AF have higher all-cause and cardiovascular mortality than CRT patients in NSR; (3) CRT patients with AF have higher NYHA class at follow-up compared with CRT patients in NSR; (4) functional outcome of 6MWD and improvement in EF was not different between the CRT groups with and without AF;
Heart failure and cardiomyopathies (5) AVJ ablation tends to improve all-cause mortality in CRT patients with AF; and (6) there is no difference in all-cause mortality in CRT-AF patients who underwent an AVJ ablation versus CRT patients in NSR.
Approximately 20% of all patients with HF have AF 50 and to our knowledge, this is the largest and most comprehensive meta-analysis to date evaluating the effectiveness of CRT in patients with AF and HF. This meta-analysis updates the information from previous meta-analyses in this subject area [51] [52] [53] and adds new knowledge and perspective regarding CRT versus ICD and or optimal medical therapy in patients with AF. CRT improves morbidity and mortality and decreases HF hospitalisations in selective patients with HF who are in SR by improving ventricular synchrony via Bi-V pacing. CRT devices use atrial sensing and/or pacing to time ventricular pacing in the RV and coronary sinus leads to attain effective resynchronisation. Patients with AF have no organised atrial activity and have irregular and random AV nodal conduction that can potentially prevent optimal CRT pacing. Results of our meta-analysis indicate that CRT patients with AF have a higher all-cause and cardiovascular mortality compared with CRT patients in SR. This could be due to one or more of the following: (1) AF may be a marker of advanced HF and worse prognosis, 54 where CRT may not be as effective; (2) loss of organised atrial activity and atrial systole may lead to worse outcomes in patients with HF with or without CRT; (3) irregular intrinsic AV nodal conduction even with ventricular-sensed pacing can lead to suboptimal LV pacing and synchrony which is often underestimated in clinical practice 55 ; and (4) patients in SR may have ventricular fusion from intrinsic conduction through the right bundle 56 that might reduce the deleterious effects of RV apical pacing compared with patients with AF who have an AV node ablation. Our meta-analysis indicates that suboptimal Bi-V pacing resulting in residual LV synchrony alone does not sufficiently explain increase in all-cause mortality in CRT-AF patients as there is comparable EF change in these patients in comparison to CRT-NSR patients, although this outcome may be diluted by the effects of AVJ ablation in a substantial portion of studies reporting LVEF in CRT-AF patients as evidenced by our subgroup analysis (online supplementary figure 8 ).
CRT is indicated in patients with AF who otherwise qualify for a CRT device if AV nodal ablation or pharmacologic rate control will ensure near 100% ventricular pacing with CRT according to the updated American College of Cardiology/American Heart Association and European Society of Cardiology guidelines. 57 58 In clinical practice, however, rapid ventricular rate occurs in one-third of all patients with AF with CRT and is associated with suboptimal CRT pacing. 3 Higher percentage of Bi-V pacing by CRT is required for optimal response, which is difficult to achieve in patients with AF, and up to two-thirds of patients with AF can have suboptimal CRT pacing rates leading to higher mortality. 34 A meta-analysis published in 2008 showed no difference in mortality between CRT patients with and without AF, 51 but recent evidence incorporated in the current meta-analysis, in agreement with the study by Wilton et al, 52 now suggests that coexisting AF in patients who receive CRT may be associated with increased all-cause and cardiovascular mortality, and higher NYHA class despite similar EF improvement at follow-up. While the analysis comparing mortality in CRT patients with and without AF shows that AF is associated with worse outcomes in CRT patients, it does not negate the benefits of CRT in patients with AF. To specifically investigate if CRT reduces mortality and HF hospitalisations in patients with AF, we analysed for the first time, outcomes from studies that compared CRT with ICD or medical management in patients with AF who otherwise were candidates for CRT. Our meta-analysis shows that patients with AF who received CRT had comparable death and HF hospitalisations as patients with AF who received ICD or medical management, suggesting that CRT perhaps does not add benefit to the patients with AF and HF with indications for CRT. In fact, significant heterogeneity in this analysis seems to be driven by the CRT versus medical management studies 38 40 that skew the outcomes in favour of the CRT group as they show that CRT did reduce mortality in patients with AF, an effect that could be attributed to the defibrillator part alone.
A major limitation to optimal CRT pacing in patients with AF is rapid and irregular ventricular conduction through the AV node decreasing the Bi-V pacing percentage. 34 Even in patients who are aggressively rate controlled with multiple medications and trigger mode pacing, where device data show over 90% Bi-V pacing, more than half the patients have up to 40% of beats with fusion or pseudofusion. 55 Ablation of the AVJ in patients with AF abolishes AV nodal conduction, allowing the ventricle to be fully paced and has been shown to lower mortality. 59 Therefore, we explored whether AV junction ablation improves the outcomes of CRT in patients with AF. Among five similarly sized studies two 12 14 showed that AVJ ablation improved survival in CRT patients with AF, and three 13 29 42 showed no difference. In addition, Jedrzejczyk-Patej et al 29 showed that CRT-AF patients have higher all-cause mortality compared with CRT patients in SR despite AVJ ablation. Our meta-analysis shows that patients with AF with CRT have reduced all-cause mortality if they also receive concomitant AV junction ablation, which is consistent with the findings of a meta-analysis performed by Lopes et al. 60 Furthermore, our meta-analysis of studies comparing patients with AF only with AVJ ablation or reporting outcomes separately for this subgroup compared with CRT patients in SR shows that patients with AF with CRT who undergo an AVJ ablation have similar all-cause mortality compared with CRT patients in NSR. There could be several explanations for the beneficial effects of AVJ ablation in patients with HF and AF who undergo CRT placement. First, at higher heart rates, irregular R-R intervals in patients with AF and HF impair systolic function even with Bi-V pacing. 61 Additionally, patients with AF and intact AV nodal conduction have a higher risk of inappropriate shocks which have been associated with higher all-cause mortality. 62 Another possible explanation is the change in drugs or their dosage, which could cause negative inotropic effects or proarrhythmic effects 63 or may be independently associated with higher mortality. 64 Moreover, AVJ ablation has also been reported as an independent predictor of spontaneous resumption of SR in patients with AF with CRT, which can also explain favourable survival outcome in this particular subset of patients. 65 While ablate and pace strategy seems very appealing, limitations of AVJ ablation including pacemaker dependency, ventricular arrhythmias 66 and sudden death 67 should also be considered. Presently, there are no studies comparing outcomes in patients with AF with indications for a CRT device who underwent AVJ ablation randomised to CRT-D or ICD alone. Pulmonary vein isolation (PVI) is another strategy to overcome AF burden in patients with HF without making them pacemaker dependent. Although the Pulmonary Vein Isolation for Atrial Fibrillation Patients with Heart Failure trial has shown that PVI was superior to AVJ ablation and CRT pacing in patients with drug refractory AF and HF, 68 these patients had narrow QRS complexes and an EF less than 40%. Therefore, the results of this study cannot be extrapolated to traditional patients who fulfil the criteria for CRT. Moreover, the study did not examine mortality benefit, which remains unclear with a PVI approach in this patient population.
Our present meta-analysis has important clinical implications. A substantial number of patients with HF who receive CRT may have coexistent AF, and this intervention may not alter mortality or functional outcomes in these patients, while subjecting them to the added risks of the procedure. AVJ ablation, an intervention which will ensure sufficient Bi-V capture, increasing the chances of optimal CRT response in this particular subset of patients may improve survival with CRT. limitations (1) The included studies are retrospective studies or post hoc analyses of prospective randomised trials, and the endpoints were extracted as event rates; most studies did not report multivariate adjusted rate ratios or hazard ratios. ( 2) The studies were heterogeneous with regard to AF type and included differing patient mix of paroxysmal, persistent and permanent AF. Our sensitivity analysis of all studies with persistent or permanent AF shows that CRT-AF patients have a higher all-cause mortality compared with CRT-NSR patients. However, this analysis could not be performed for patients with paroxysmal AF as very few studies reported outcomes for this population separately. (3) The studies reported outcomes in patients with pre-existing AF and/ or new onset at follow-up. Our sensitivity analysis showed mortality outcomes that were similar in these two populations but the results were not statistically significant in CRT patients with device-detected AF. (4) Pacing modes in CRT devices, especially with regard to ventricular rate regulation, trigger mode or ventricular sensed response mode were not included. (5) CRT pacing percentages were not uniformly reported in all the studies. (6) Appropriate and inappropriate shocks were not uniformly reported in all the studies. (7) We did not have sufficient information regarding patients who underwent AVJ ablation in the studies comparing patients with AF (who otherwise have indications for a CRT) who received a CRT or ICD/medical therapy. (8) Analysis on benefit of CRT in AF as compared with patients with AF who meet CRT criteria but are on medical therapy/ICD should be interpreted carefully, given heterogeneous patient population. (9) Although we found no difference in LVEF improvement between CRT patients with AF and NSR, this lack of difference might be from lack of standardised cores for measuring echocardiographic data. (10) Cardiac mortality was not uniformly specified across studies and breakdown regarding subtype (whether due to myocardial infarction [MI], decompensated HF or thromboembolic event) was only available in a limited number of studies when comparing deaths in AF and NSR. Linde et al 7 reported 4% of deaths related to Cerebrovascular Accident [CVA] in both the AF and NSR populations whereas 22% and 17% of deaths were related to decompensated HF in the AF and SR groups, respectively. Tolosana et al 29 reported death due to thromboembolic disease in 2% of patients with AF compared with no deaths in NSR group, whereas decompensated HF was more common in AF (17.3%) than NSR (2.5%) groups. Cardiac death, when specified, was considered due to decompensated HF, sudden death, arrhythmic death, MI or thromboembolic event.
ConClusIon
In our meta-analysis, studies comparing CRT to ICD or medical therapy in patients with AF clearly show no additional mortality benefit with CRT. This is further supported by the evidence from studies comparing CRT outcomes in patients with AF to patients in NSR, showing higher NYHA class at follow-up, and higher cardiovascular and all-cause mortality in patients with AF with CRT despite comparable improvement in LVEF. Finally, although there are a small number of studies at this time, AVJ ablation appears to improve the outcomes of CRT in patients with AF, but further large randomised controlled trials are needed.
